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The Development of Valvular Incompetence after Deep Vein 
Thrombosis: A 7 Year Follow-up Study with Duplex Scanning* 
E. P. van Haarst, N. Liasis, B. van Ramshorst, F. L. Moll, 
Department of Vascular Surgery, St. Antonius Hospital, Nieuwegein, The Netherlands 
Objectfves" To study the development and progression i  time of deep venous valve incompetence with Duplex 
ultrasonography in combination with distal cuff deflation in patients with a history of deep venous thrombosis (D VT) and 
to evaluate symptoms ofchronic venous insufficiency (CVI). 
Desfgn" Prospective cohort study. 
Materials and methods: In a long term follow-up study the deep venous ystem of 24 patients (7 men, 17 women, mean 
age 51 years) of an initial group of 27 with phlebographically documented deep venous thrombosis were examined with 
Duplex scanning at two intervals (mean 34 and 86 months) after DVT. 
Results: All but one segments recanalised. Deep venous incompetence occurred exclusively inpost-DVT segments, Atfirst 
follow-up 48% of the post-thrombotic segments showed valve incompetence, while at second follow-up this had increased 
to 60% (p < 0.001). Venous egments ofthe upper leg mainly contributed tothis increase. Our group of 24 patients was 
too small to find any significant correlation between symptoms, thrombosis and valvular incompetence. 
Conclusions" The development of deep vein valve incompetence after deep vein thrombosis i  a progressive process over 
more than 5 years. 
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Introduction 
The long term clinical outcome of patients after an 
episode of deep venous thrombosis (DVT) of the lower 
extremity is uncertain. In many of these patients 
chronic venous insufficiency (CVI) may occur. CVI is 
thought to be caused by damage to the valve either by 
the inflammatory process associated with thrombus 
formation or by venous hypertension, due to either 
outflow obstruction in incomplete or absent recanal- 
isation, or proximal valve incompetence. 1 
Ambulatory venous pressure measurements are the 
most accurate physiologic means of grading disease 
severity, but they only reflect otal limb changes and 
are unable to address the function of individual 
valves. 2'3 Duplex ultrasonography is a new non- 
invasive tool which is now accepted as the method of 
choice for the assessment of patients with CVI. 4-7 In 
recent years, several Duplex studies of venous incom- 
petence have been published. However, the results of 
these studies are difficult to compare as various 
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methods of reflux provocation and interpretation were 
used and follow-up periods are short or not clar- 
ified. 3"5'8'9 In the present descriptive study we used 
Duplex scanning in combination with a standardised 
reflux provocation technique to investigate the seg- 
mental distribution of venous incompetence in 
patients following an episode of DVT, to document the 
progression of venous incompetence with time and to 
analyse the relation of clinical symptoms to the 
severity of the initial thrombosis and to the occurrence 
and location of valvular incompetence at follow-up. 
Materials and Methods 
Twenty-seven patients with a unilateral DVT, occur- 
ring between 1986 and 1989, were entered in a 
prospective study. The results of a first follow-up 
period have been published before. 1° Three patients 
were lost to follow-up: one died and the other two 
patients were too ill for further participation. The 
remaining 24 patients, even men and 17 women, with 
a mean age of 51 years (25--78 years), form the basis of 
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this study. All patients were examined twice with 
Duplex scanning, the first time after a mean interval of 
33 months (18-50 months) and for the second time 
after a mean interval of 85 months or 7.1 years (73-104 
months) since DVT. DVT was proven by phlebog- 
raphy performed within 24 h of admission in all cases. 
Patients were initially treated by administration of
intravenous heparin, followed by coumarin derivates 
during 3-6 months. Wearing of elastic stockings was 
advised for the first 6 months after DVT, though some 
patients continued wearing them, intermittently or 
continually. None of the patients had a clinical history 
of recurrent DVT. Subjects were asked to complete a
questionnaire and their legs were examined by a 
physician for symptoms of CVI, such as oedema, 
hyperpigmentation and ulceration. The outcome was 
translated to a CVI-score at both intervals, according 
to the 1988 classification of the Ad Hoc Committee on 
Reporting Standards in Venous Diseasen: CVI-score 0, 
no symptoms; score 1, mild symptoms; score 2, 
moderate symptoms; score 3, severe symptoms 
(venous ulceration). 
Duplex examination 
The Duplex examination was performed by an experi- 
enced physician unaware of the outcome of previous 
tests using a Duplex scanner (Ultramark 4, Advanced 
Technology Laboratories, Bothell, Washington, U.S.A.) 
in combination with a standardised reflux provocation 
technique. 12"13 All patients were examined in a stand- 
ing position with the weight supported by the 
contralateral leg. In each affected leg six venous 
segments were studied: the common femoral vein 
(CFV), the deep femoral vein (DFV), the superficial 
femoral vein (SFV), the popliteal vein (PV) and the 
posterior tibial vein at calf level (PTVC) and at ankle 
level (PTVA). For measurements in the three proximal 
segments (CFV, DFV and SFV) a pneumatic uff was 
placed around the upper leg of the patient and 
insuffiated to a pressure of 80 mm Hg. The PV and 
PTVC segments were examined with the cuff posi- 
tioned around the lower leg, insuffiating it to a 
pressure of 100 mm Hg. For the most distal segment, 
the PTVA, the cuff was positioned around the foot and 
insuffiated to 120 mm Hg. Different cuff widths are 
used for the thigh, calf and foot area. Reflux assess- 
ment used a 5 MHz pulsed Doppler ,placed centre 
stream at a 60 ° angle to the direction of flow. Venous 
reflux was measured with the transducer ata maximal 
distance of 5 cm proximal to the cuff during sudden 
deflation of 'the cuff. 
Table 1. The cut off points between pathological or physiological 
reflux (van Ramshorst et al. ~°) 
Venous egment CFV SFV DFV PV PTVC PTVA 
Reflux time (s) 0.88 0.80 0.80 0.28 0.20 0.12 
CFV=common femoral vein, SFV=superficial femoral vein, DFV= 
deep femoral vein, PV=popliteal vein, PTVC=posterior tibial vein at 
calf level PTVA=posterior tibial vein at ankle level. 
A duration ofreflux longer than these cut off points was considered 
pathologic. 
The cut off point between pathological or physio- 
logical reflux was defined as the 95th percentile of 
reflux in healthy individuals, criteria established by 
Van Ramshorst et al. 1° in a previous study in our 
department (Table 1). A duration of reflux longer than 
these cut off points was considered pathologic. 
Statistical analysis 
The occurrence of pathological reflux in the various 
venous segments at both follow-up intervals and its 
relation with previous thrombosis was analysed using 
Fisher's exact test. The absolute values of reflux 
duration in different segments at the two intervals as 
well as CVI-scores were analysed by the Wilcoxon 
two-sample rank test. Because of the skewness of the 
absolute values the geometric mean, 14 was used, 
which was calculated as the antilog of the mean of the 
logarithmatised values. A confidence level of < 5% 
was regarded as significant. 
Resul ts  
A total of 144 venous egments were examined, 109 of 
which were initially affected by DVT. Recanalisation 
occurred in all segments except for one SFV segment. 
Data on 16 DFV segments and one SFV segment were 
inconclusive at one or both follow-up examinations. 
Thus of 144 segments 126 paired data were available, 
corresponding with 102 (81%) vein segments with 
initial thrombosis. Second interval examination alone 
revealed ata of 142 segments. 
Table 2 shows that pathological reflux was found to 
occur almost exclusively in segments previously 
affected by DVT (Fisher's exact test: p < 0.001). Deep 
venous thrombosis thus increases the risk for develop- 
ing valvular incompetence more than 10-fold. In only 
two segments without previous thrombosis was 
pathological reflux found. This occurred once in a CFV 
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Table 2. Relation between DVT and the occurrence of valve 
incompetence at second interval examination (mean follow-up 86 
months post-DVT) 
No. of segments 
with (+) or without (-) 
previous thrombosis 
+ Total 
No. of segments with (+) + 65 2 67 
or without (-) reflux 43 32 75 
108 34 142 
At second interval the results of two of 144 segments were 
inconclusive (see text). Fisher's exact test: p<0.001. 
segment and once in a PTVC segment. The occurrence 
of pathological reflux in segments previously affected 
by DVT (n = 102) is shown in Table 3. During follow- 
up an increase in the percentage of post-DVT seg- 
ments with reflux was noticed, the overall percentage 
of incompetent segments increased from 48% at first 
examination to 60% at second examination (p < 0.001). 
This increase was mainly caused by an increase of 
incompetence in venous segments of the upper leg: 
incompetence of the common, deep and superficial 
femoral vein increased from 18 to 30 segments (45% to 
67%, p<0.001), while the popliteal vein and the 
posterior tibial vein showed an increase of only 31 to 
35 insufficient segments (50% to 56%, p < 0.001). The 
relative risk for developing late incompetence in the 
upper leg was 2.5 times that of the lower leg, although 
numbers were too small to achieve statistical sig- 
nificance (Wilcoxon two-sample rank test: p = 0.18). 
Analysis of the absolute values of reflux duration 
showed no change in the geometric mean of reflux 
time in venous segments without previous thrombo- 
sis, 0.07 s at first and 0.08 s at second examination. The 
geometric mean reflux time for all post-DVT segments 
increased from 0.20 to 0.46 s (p < 0.001), while for post- 
thrombotic segments which were found to be suffi- 
cient at both intervals an increase of 0.56 s was found 
(p<0.001). Only five patients in our study had 
thrombosis limited to three segments or less. Three of 
them showed no valve incompetence at follow-up. In 
one patient initial extensive thrombosis resulted in 
incompetence at all levels of the deep venous system 
long term, while at first follow-up there was only 
venous incompetence in the PV and PTVC. During 
follow-up an increase was found in the mean number 
of insufficient segments per patient, especially in 
patients with an initially extensive thrombosis (Table 
4). 
An overall slight increase, though not significant, 
occurred in the CVI-scores long term (Wilcoxon two- 
sample rank test p = 0.18) (Table 5). In two patients 
however, the scores were found to improve. A venous 
ulcer developed in one patient, in whom all segments 
were thrombosed initially and at follow-up all seg- 
ments except he DFV showed pathological reflux. The 
severity and anatomic location of initial thrombosis 
and the occurrence and location of valvular incompe- 
tence at follow-up could not be correlated with clinical 
symptoms. 
Discussion 
In this study we examined the occurrence and 
development over time of valve incompetence in the 
deep venous system in post-DVT patients. Several 
studies of venous incompetence using Duplex ultra- 
sonography have been performed with patients in a 
supine or half-sitting position. 5'9 The standing posi- 
tion is the physiological condition in which reflux 
occurs as a result of gravity. The fact that valves that 
reflux in the erect position may show competence in
the supine position, clearly shown by Foldes et al. 15, is 
a strong argument why, in our opinion, examination of 
the patient in the upright position is essential. The 
second condition to be met is a reliable method for 
provocation of reflux. The Valsalva manouver may fail 
to show reflux distal to a proximal competent valve. 





No. of segments 
with initial thrombosis n % n % 
CFV 15 4 27 10 67 
SFV 20 11 55 14 67 
DFV 5 3 60 6 55 
PV 22 16 73 17 77' 
PTVC 20 10 50 12 60 
PTVA 20 5 25 6 30 
Total 102 49 48 65 60 
Percentages of insufficient segments are in relation to the number of segments with initial thrombosis. 
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Table 4. The mean number of insufficient segments per patient 
according to the extent of initial thrombosis 
No. of segments with initial 
thrombosis 
No. of patients 
Mean o. of insufficient 1st examination 
segments per patient 2nd examination 
6 5 4 3 2 1 
9 2 8 4 0 1 
2.9 2.5 2.0 0.8- - 
4.1 4.0 2.4 0.8 - - 
Manual compression is notoriously inaccurate as it 
does not guarantee uniformity of reflux and therefore 
like the Valsalva manouver is not a proper method for 
objective analysis. Deflation of a pneumatic cuff 
provides an objective and reproducible reflux provo- 
cation in the standing patient. 12 This method was 
recently advocated by the International Consensus 
Committee on Chronic Venous Disease. s3 
Our study demonstrated that deep venous incom- 
petence almost exclusively occurred in segments 
previously affected by DVT. Some reports have dem- 
onstrated an early phase progression of thrombosis n 
some cases despite anticoagulant therapy. 4"16A7 In our 
study al l  patients had phlebography only once within 
24 h of admission. Thrombus extension was not 
examined, but in our opinion this would not have had 
a substantial influence on the final results. In all but 
one of the segments initially affected by thrombosis 
recanalisation occurred. This important observation 
has also been noticed by others, 6 The results of the 
first follow-up interval showed that of all post-DVT 
segments, 48% had incompetent valves. This percent- 
age increased to 60% after an average post-DVT 
interval of 7 years. This means that initially throm- 
bosed and subsequently recanalised venous egments 
which were competent at the first interval, showed 
incompetence at long-term follow-up, indicating that 
the development of valve incompetence after deep 
venous thrombosis a progressive process over more 
than 5 years. Segments of the upper leg seem to 
contribute more to this increase in the rate of incompe- 
Table 5. Frequency of CVI-scores at first interval examination (mean 




CVI-score 0 1 2 3 Total 
First interval 0 4 2 0 0 6 
examination 1 1 11 4 0 16 
2 0 1 0 1 2 
3 0 0 0 0 0 
Total 5 14 6 1 24 
Wilcoxon two-sample rank test p=0.18. 
tence than lower leg segments (22% vs. 6%), although 
this difference did not reach significance. Markel et al., 
in a 2 year follow-up study, found a higher incidence 
of valve incompetence in post-DVT segments of the 
upper leg compared to the lower leg, which was 
ascribed to a higher incidence of thrombosis in the 
upper leg. In our study there was no difference in the 
incidence of thrombosis between the upper and lower 
leg. 
Deterioration of valvular competence over time 
could be caused by early damage to valves, which is 
small enough in some venous segments to maintain 
valvular competence during the first years following 
deep venous thrombosis, but in the long term leads to 
incompetence. The increase in the proximal segments 
cannot be explained by the mechanism of venous 
hypertension. Analysis of the absolute data of reflux 
duration revealed a significant increase of the geomet- 
ric mean reflux time in post-DVT segments which 
were found to be competent at both intervals. The 
same increment in reflux time will exceed the critical 
value for valve incompetence in distal segments first, 
as normal reflux duration in distal segments is 
substantially shorter than in proximal segments (Table 
1). As time elapses more proximal segments will 
become insufficient. Another possible explanation for 
the increase in valvular incompetence of the proximal 
segments might be the influence of a distal insufficient 
segment on the proximal segment. Indeed segments 
showing only late incompetence were almost all 
located directly proximal to an insufficient segment. 
The consequence could be that even when venous 
incompetence is restricted to the lower leg, patients 
should wear elastic stockings long-term, in order to 
minimise the risk of proximal extension of venous 
incompetence. 
Our study stresses the impact of extensive thrombo- 
sis on the late development and progression of valve 
incompetence. In our first interval study we showed a 
significant association between initial extensive 
thrombosis and multisegment reflux, s° In the present 
study patients with three or less affected segments 
showed valvular competence in al l  or most segments 
at long term. During the second interval no deteriora- 
tion occurred in this group. This is in contrast with the 
patients with more extensive thrombosis, where an 
increase occurred in the mean number of incompetent 
segments. These patients form a high risk group for 
whom precautionary measures uch as elastic stock- 
ings should be considered to avoid deterioration of
valvular competence. The clinical significance of our 
results is unclear. We found a slight increase in the 
CVI-scores in the long term, which was however, not 
significant. As reported by others, the relationship 
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between symptoms of CVI and deep venous incompe- 
tence is undefined. 5'8"~8 Moreover the impact of deep 
venous incompetence on the superficial venous sys- 
tem and the effects of combined superficial and deep 
venous incompetence on the CVI-score needs further 
study. 14A8'19 Our group of 24 patients was too small to 
find any significant correlation between symptoms, 
thrombosis and valvular incompetence. 
In conclusion, this study demonstrates that valvular 
incompetence almost exclusively occurs in segments 
previously affected by DVT. The development of 
valvular incompetence after deep venous thrombosis 
is a progressive process over more than 5 years and 
deterioration occurs mainly in venous egments of the 
upper leg. 
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